The goal of this study was to compare the efficacy and safety of second-generation everolimus-eluting stents (EES) with first-generation sirolimus-eluting stents (SES) in primary percutaneous coronary intervention (PCI) for acute myocardial infarction (AMI).
Background
Drug-eluting stents (DES) in AMI are still feared for possible late and very late stent thrombosis (ST). Newergeneration DES, with more hemocompatible polymers and improved healing, may show promise regarding increased efficacy of DES with improved safety. However, no randomized trials in AMI are available.
Methods
A total of 625 patients with AMI were randomized (2:1) to receive EES or SES in the XAMI (XienceV Stent vs Cypher Stent in Primary PCI for Acute Myocardial Infarction) trial. Primary endpoint was major adverse cardiac events (MACE) at 1 year consisting of cardiac death, nonfatal AMI, or any target vessel revascularization. The study was powered for noninferiority of EES. Secondary endpoints comprised ST rates and MACE rate up to 3 years.
Results
The MACE rate was 4.0% for EES and 7.7% for SES; the absolute difference was Ϫ3.7% (95% confidence interval: Ϫ8.28 to Ϫ0.03; p ϭ 0.048) and relative risk was 0.52 (95% confidence interval: 0.27 to 1.00). One-year cardiac mortality was low at 1.5% for EES versus 2.7% for SES (p ϭ 0.36), and 1-year incidence of definite and/or probable ST was 1.2% for EES versus 2.7% for SES (p ϭ 0.21).
Conclusions
In this all-comer, randomized, multicenter AMI trial, second-generation EES was noninferior to SES, and superiority for MACE was suggested. ST rate in EES at 1-year was low, but long-term follow-up and larger studies will have to show whether very late ST rates will also be improved in newer DES. The efficacy and safety of drug-eluting stents (DES) in the treatment of coronary artery disease is well established. Restenosis rates have dramatically decreased for both onlabel and off-label indications (1) (2) (3) . Despite these results, the concern for increased (late) stent thrombosis is still present (3) (4) (5) . This finding may be due to delayed vascular healing after DES implantation (6, 7) , probably as a result of drug and/or polymer reaction. Late coronary endothelial dysfunction after DES implantation has been reported previously (8) . Because acute myocardial infarction (AMI) presents the highest possible thrombotic coronary lesions, DES implantation during primary percutaneous coronary intervention (PCI) for AMI is still not advocated by many interventional cardiologists. However, even in this challenging population, the use of DES has increased over the last few years, and several randomized studies and large cohort studies have reported efficacy and safety (9 -12) .
Newer antiproliferative drugs and more biocompatible polymers have shown promise in reducing further the rate of (late) stent thrombosis in patients in stable condition (13, 14) . However, no randomized data are available on the efficacy and safety of newer-generation DES in AMI patients.
In 
Methods

Study design and patient population. Between February 2008
and December 2009, consecutive patients presenting with ST-segment elevation myocardial infarction (STEMI) treated with primary PCI and fulfilling the inclusion criteria where included in three large interventional centers in the Netherlands. To be included, patients had to have STEMI and be eligible for primary PCI. Patients with non-STsegment elevation myocardial infarction (NSTEMI) with an emergency indication for PCI at admission were also allowed.
Exclusion criteria were as follows: stent thrombosis of previous stent or chronic total occlusion as target lesion; known allergy or intolerance to sirolimus, everolimus, aspirin, or clopidogrel; intubated patient after extensive resuscitation or shock patients for whom no informed consent could be obtained; estimated life expectancy Ͻ1 year; or stent size required to treat lesion Ͼ3.5 mm (maximum diameter of SES).
The study was approved by the institutional ethics committee at each participating center, and written informed consent was obtained from all patients. Randomization and blinding. Patients were randomized 2:1 to EES or SES by using a sealed envelope technique, directly after diagnostic angiography and assessment of feasibility for stenting. Operators were not blinded to the allocated stent. An independent Data Safety Monitoring Board evaluated the study safety after 30-day inclusion of 300 patients, blinded to the allocated stent type. At 1 year, all events were evaluated and adjudicated by an independent clinical event committee, again blinded to treatment assignment.
Procedure. All patients were pretreated with intravenous aspirin and heparin 5,000 IE bolus, and they received clopidogrel with a loading dose of preferably 600 mg. Interventions were performed according to local practice in three high-volume centers by high-volume operators.
Glycoprotein IIb/IIIa receptor blocker use, thrombus aspiration, and balloon pre-dilation were left up to the operator. Aspirin was recommended for life, and clopidogrel for a minimum of 1 year.
The study has a 3-year planned follow-up. Study endpoints and definitions. The primary endpoint was major adverse cardiac events (MACE) at 12 months consisting of any event during follow-up in hierarchical order: cardiac death, nonfatal reinfarction, or any target vessel revascularization (TVR).
The secondary endpoints were (sub) acute stent thrombosis at 30 days and late stent thrombosis at 1, 2, and 3 years, MACE at 30 days and 2 and 3 years, and all-cause mortality at 1, 2, and 3 years.
Reinfarction was defined according to recurrent symptoms and/or new electrocardiographic changes, with reelevation of the creatine kinase concentrations Ͼ1.5 times the previous value with elevation of creatine kinasemyocardial band, if within 48 h, or Ͼ3 times the upper normal limit if after 48 h from the index AMI. More than 5 times the upper limit of normal creatine kinase was required for the diagnosis of AMI after bypass surgery.
TVR was defined as any repeat percutaneous intervention or bypass grafting of the target vessel, and target lesion revascularization as any repeat percutaneous intervention or bypass grafting of the target lesion or 5 mm proximal or distal to the initial stent.
Definite and probable stent thrombosis was defined according to the Academic Research Consortium criteria (15) . Statistical analysis. Data collection, handling, and statistical analyses were performed by an independent core laboratory (Diagram B.V., Zwolle, the Netherlands).
This trial was based on the notion that the performance of EES would not be inferior to SES in relation to the primary outcome, MACE at 1 year, with the use of a pre-specified noninferiority margin and a 95% confidence interval (CI).
We calculated that a sample size of 600 patients (2:1 randomization) would provide a power of 80% (Farrington and Manning method). This sample size took into account an expected 1-year MACE rate of 8% and a noninferiority margin of 6%, and a 2-sided risk of 0.05. Sample size was increased to 625 patients (after the pilot phase without any unblinding of data) to compensate for a small pilot phase of 80 patients, randomized 1:1, to maintain adequate power of the trial.
Study outcomes were assessed by using both intentionto-treat and per-protocol analyses. The intention-to-treat population included all patients who were randomized to treatment. These results are reported in this paper. The per-protocol population included all patients who fulfilled the inclusion and exclusion criteria and in whom the randomly chosen stent was placed. A second per-protocol analysis also excluded the NSTEMI patients in the trial to confirm consistency of the trial results in true STEMI patients. Data are reported as percentages for discrete variables. Continuous variables are reported as mean Ϯ SD or median with 25th and 75th percentiles. Categorical variables were compared by using the chi-square test or Fisher exact test. Continuous variables were compared by using the nonparametric Mann-Whitney U test. Kaplan-Meier survival estimates were used to compare time to the first occurrence of MACE with pair-wise differences assessed by using the log-rank test.
Results
Patients and baseline characteristics.
A total of 625 consecutive patients with AMI were included in 3 large referral interventional clinics in the Netherlands. Four percent of patients were included with NSTEMI, treated with emergency PCI at presentation. All other patients presented with STEMI. Baseline characteristics are shown in Table 1 . Seven percent of patients presented with Killip class Ͼ1. Diabetes was present in 10% of patients. In the Netherlands, a dedicated infrastructure exists to directly refer AMI patients to the catheterization suite of an interventional center without any interference of a local hospital, general practitioner, or even the emergency department. First medical contact is typically at the patient's home, and median time from this first contact to balloon inflation was only 75 min in this study. At diagnosis, the ambulance personnel immediately administer both highdose aspirin and heparin intravenously; in some regions, clopidogrel is also given orally. Procedure. Angiographic and procedural characteristics are shown in Table 2 . More than 50% of patients had Thrombolysis In Myocardial Infarction flow grade 0 at presentation and single-vessel disease. Compared with previous AMI studies, a high percentage of radial access of Ͼ50% was used. High-dose clopidogrel loading was administered in most patients; there was also a high percentage of glycoprotein IIb/IIIa receptor blocker use and thrombus aspiration catheter use. No significant differences were seen in any of the parameters except for more heavy calcification in the SES group. Medication at discharge is shown in Table 3 . 30-day outcome. One patient was excluded because of withdrawal of informed consent. Results can be seen in Table 4 . Mortality was low, and all deaths were cardiac related. Acute stent thrombosis was seen in 1 patient in each group, and definite and/or probable stent thrombosis at 30 days was low (1.3%). Subacute stent thrombosis was higher with SES, although it was not statistically significant. 1-year outcome. At 1 year, 1 additional patient withdrew informed consent and was excluded. This withdrawal resulted in a clinical follow-up at 1 year of 99.7%. One-year results are listed in Table 4 . The primary endpoint of MACE, consisting of cardiac death, nonfatal MI, or any TVR at 1 year, was 4.0% for EES and 7.7% for SES. The noninferiority criterion for EES was met with an absolute difference of Ϫ3.7% (95% CI: Ϫ8.28 to Ϫ0.03). MACE rate was significantly reduced for EES with a p value of 0.048 and a relative risk of 0.52 (95% CI: 0.27 to 1.00). Diverging of the MACE-free survival curves can be seen in Figure 1 . The cardiac death rate was 1.9% for the total group. Individual endpoints of all-cause mortality, cardiac death, AMI, and TVR all showed a consistently slightly higher event rate in the SES group, but this finding was not statistically significant.
The overall 1-year definite and/or probable stent thrombosis rate was 1.8%. The difference between EES (1.2%) and SES (2.7%) could be attributed to an early difference at 30 days. Late stent thrombosis rate beyond 30 days and up to 1 year was identical and 0.5% in each group. At 1 year, 94% of patients were still using clopidogrel, together with Values are n (%), mean Ϯ SD, median (range), or %. CABG ϭ coronary artery bypass graft; CK ϭ creatine kinase; EES ϭ everolimus-eluting stent(s); GP ϭ glycoprotein; MB ϭ myocardial band; MI ϭ myocardial infarction; NSTEMI ϭ non-ST-segment elevation myocardial infarction; PCI ϭ percutaneous coronary intervention; SES ϭ sirolimus-eluting stent(s); STEMI ϭ ST-segment elevation myocardial infarction. According to the protocol analysis, excluding the NSTEMI patients (4% of the population) who were included in the trial also revealed a clear benefit of the EES, with a MACE rate of 3.5 % versus 7.6 % for SES (p ϭ 0.027; relative risk: 0.46 [95% CI: 0.22 to 0.93]).
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Discussion
In this randomized trial, the first-generation DES, the SES Cypher, was compared with the second-generation EES Xience V in patients with AMI. The results show very low MACE rates and low percentages of stent thrombosis at 1 Values are % or mean Ϯ SD. IABP ϭ intra-aortic balloon pump; LAD ϭ left anterior descending; RCA ϭ right coronary artery; RCX ϭ right circumflex artery; TIMI ϭ Thrombolysis In Myocardial Infarction; other abbreviations as in Table 1 . 7 year in these very thrombotic lesions. Superiority of the EES was shown for the primary endpoint, and MACE-free survival curves are still diverging at 1 year of follow-up. Robustness of outcome was confirmed with additional per-protocol analysis.
Angiographic and Procedural Characteristics
Medication at Discharge
Study population. The current study represents a medium mortality risk, all-comer AMI population, illustrated by the mean peak infarction enzyme levels and comparable to other trials (12, 16) . Diabetes was present in only 10% of patients, which is almost identical to findings from several other Dutch AMI trials (16, 17 (10) , in which SES were compared with bare-metal stent (BMS) in patients with AMI. In this study, mortality was low and similar to our study, but extensive exclusion criteria made this a low mortality risk population. Event rates. All-cause mortality and cardiac mortality rates at 1 year were very low in both arms of our study. This finding may also reflect the progress over the last few years in patient treatment. Pre-medication with aspirin and heparin at the patient's home and direct referral to interventional centers leading to a short " first contact to balloon" times will undoubtedly have an effect on final infarct size and mortality. The use of radial access in Ͼ50% of cases affects the risk of bleeding and the morbidity and mortality related to bleeding complications (18, 19) . The benefit of thrombus aspiration was demonstrated in the TAPAS study (17) . Thrombus aspiration was used in almost 63% of cases in the XAMI trial. For comparison, in the HORIZONS-AMI study (12) , thrombus aspiration was used in only 11% of patients. Using these contemporary interventional techniques, DES was associated with a low reintervention rate at 1 year. Overall target lesion revascularization rate in this trial was only 1.1% at 1 year. In-stent restenosis, as seen in BMS in 20% to 23% of patients in the TYPHOON and HORIZONS-AMI studies, may not be benign (20) , and reintervention for in-stent restenosis is also associated with complication risks. The entire cohort of patients in our trial was not treated for STEMI. The inclusion criteria allowed NSTEMI patients to be randomized to treatment under strict conditions of indication for emergency PCI at presentation. The pathophysiology of these very unstable lesions will barely differ and frequently also reflect a totally thrombotic occluded vessel in NSTEMI. In our trial, only 4% of patients with NSTEMI were included and will not prevent comparison of our event rates with other STEMI trials. Perprotocol analysis, excluding these NSTEMI patients confirmed this hypothesis, showing a clear benefit for EES in MACE rate at 1 year (p ϭ 0.027). Stent thrombosis. The event rate was accompanied by a low rate of definite and/or probable stent thrombosis. The rate for SES was 2.7%, and for EES it was 1.2%. In comparison, rates were 3.1% for paclitaxel-eluting stents in the largest randomized AMI trial with DES so far, the HORIZONS-AMI. In that trial, the BMS thrombosis rate (definite or probable) was 3.4%. Pre-randomization with heparin and a 600-mg clopidogrel loading dose were independent predictors of reduced acute and subacute stent thrombosis in HORIZONS-AMI, respectively (21) . In the XAMI trial, a very high percentage of patients received both agents.
The difference in stent thrombosis rates at 30 days was mainly responsible for the difference at 1 year. Although the influence of procedural and patient characteristics cannot be excluded, it has been suggested that the newer polymer coatings used in second-generation DES, such as the EES, may have anti-inflammatory properties and may be partly responsible for reduction in early stent thrombosis.
Emerging data on delayed healing (6,7) and late endothelial dysfunction after stenting with SES (8, 22) , possibly involved in (very late) stent thrombosis, has hampered the use of DES, especially in patients with acute coronary syndromes because their highly thrombotic lesions are more prone to stent thrombosis. Despite this finding, randomized trials and large risk-adjusted retrospective studies have shown superiority of first-generation DES over BMS up to several years of follow-up (23, 24) . Next to a significant decrease in re-interventions, some studies also indicate decreased mortality (23) , although randomized trials have not confirmed this finding.
Despite the promising low percentage of stent thrombosis, long-term follow-up will have to demonstrate safety, as continuing rates of late stent thrombosis have been reported Hofma et al. July 31, 2012:381-7 EES Versus SES in AMI in first-generation DES during the first few years (5, 25) . Data on improved vascular healing and endothelialization of second-generation DES (7, 26) provide some incentive for the hypothesis that in these newer-generation DES, incremental rates of (very) late stent thrombosis may be ameliorated, even in this highly thrombotic subset of patients. Recently, 2-year follow-up data of large randomized allcomer trials including 20% to 30% of AMI patients were presented. Very few additional stent thromboses were seen between 1 and 2 years in the EES stent arms (27) (28) (29) , as well as in a subgroup analysis of AMI patients who were not separately randomized (30) . The XAMI trial will conduct a follow-up up to 3 years to investigate the incidence of very late stent thromboses. Study limitations. Despite the fact that this was an allcomer trial and infarct enzyme levels do not reflect a low-risk population, clinically unstable shock patients were less likely to be enrolled, and only 7% of patients were in Killip class Ͼ1. The low MACE rate cannot be extended to the total general AMI population, but patient characteristics were comparable to most other reported clinical AMI trials comparing DES and BMS (12, 16, 17) , as discussed previously.
The lesions in the SES group were more calcified, and despite comparable peak enzyme levels in both groups, medication at discharge shows a higher percentage of diuretic and oral anticoagulation use in the SES patients. A small imbalance between groups with lower ejection fraction in the SES group at presentation cannot be excluded, but quantified data on left ventricular function at presentation or follow-up were not collected.
The primary objective of the XAMI trial was to demonstrate noninferiority of the EES for MACE. The trial was not powered for superiority, but at 1-year follow-up, a marginally significant better outcome was seen for EES. According to several statistical papers (31, 32) , superiority may be claimed in this case, but a definite verdict is questionable. As MACE curves diverge at 1 year, longer follow-up may answer this question in the coming years. The trial was not powered to detect significant differences in adverse events such as stent thrombosis, which has a low incidence. Very large trials are necessary to be adequately powered for these events. However, our trial has a planned follow-up of 3 years, and continuing trends toward differences in incidence of very late stent thrombosis may be seen at longer follow-up.
The cardiologists performing the primary PCI were not blinded to the allocated stent type. Such blinding would not be ethical because each stent type has its own typical behavior and handling. Despite the higher profile (due to thicker stent struts) of the SES, only once did the operator have to cross over from the SES to EES to cross the lesion. Four times the EES was crossed over to a nonstudy stent. However, analysis of MACE was conducted on an intention-to-treat basis and performed by a blinded, independent clinical event committee.
Conclusions
In this contemporary, all-comer, randomized multicenter AMI trial, low MACE rates were seen at 1 year with the use of DES in primary PCI in AMI. Although not powered for superiority, the second-generation EES displayed a significantly lower MACE rate than the first-generation SES, at least proving noninferiority and even suggesting superiority. Stent thrombosis rate in EES was very low, but long-term follow-up and larger-scale studies will be needed to show whether the reported continuing stent thrombosis rates beyond 1 year as shown in first-generation DES will also be improved in EES.
